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Brief  Summary 

This  final  report  summarizes  significant  progress  in  combining  light  scattering  with 
decision  and  estimation  theory  to  determine  whether  or  not  aerosols  are  homogeneous  spheres 
or  shell-like  (possibly  encapsulated).  We  have  succeeded  in  comparing  two  parameter  spheres 
with  three  parameter  shells  with  a  reasonable  range  of  permitted  radii  and  indices,  and  have 
demonstrated  the  feasibility  of  the  next  step:  handling  four  parameter  shells. 

The  limitations  on  transmission  of  information  due  to  partition  noise,  as  influenced  by 
the  design  of  semiconductor  feedback  lasers  has  been  considered.  A  program  to  calculate  the 
gain  differential  between  the  dominant  mode  and  nearby  modes  has  been  written.  This  gain 
differential  inhibits  side  modes  from  popping  up  and  producing  bit  errors. 

We  have  considered  the  interaction  of  hot  carriers  with  hot  phonons  in  a  quantum 
well.  Transport  was  considered  in  the  transverse  direction  and  tunneling  through  the  well 
barriers.  Time-dependent  transport  effects  down  to  the  femto-second  regime  was  included,  as 
was  strong  and/or  microwave  fields,  with  negative  resistance  effects.  Resonant  tunneling 
assisted  by  phonon  relaxation  and  infra-red  radiation  was  explored. 


SUMMARY  OF  ACCOMPLISHMENTS 


Quasi-Binary  Decision  Making  Using  Light  Scattering 

The  ability  to  distinguish  between  homogeneous  aerosols,  such  as  water  droplets,  and 
encapsulated  droplets  which  could  possess  bacteriological  contents  is  of  some  importance. 
This  raises  interesting  basic  problems.  Can  one,  with  a  small  number  of  light  scattering 
measurements,  solve  the  inverse  problem  of  the  possible  radial  dependence  of  the  index  of 
refraction? 

Such  inverse  problems  are  known  to  be  ill-posed1  in  the  presence  of  noise.  They  can 
not  be  solved  without  some  regularization  that  restricts  the  possible  solutions.2  In  our  case, 
we  regularize  the  problem  by  requiring  that  we  have  only  a  homogeneous  sphere,  or  a  shell 
with  an  index  different  from  that  of  the  interior. 

Since  noise  at  the  10%  level  is  present,  and  a  wide  range  of  outer  radii  (say  from  .1  ji 
to  10  |i.)  is  possible,  the  problem  appears  hopeless  even  with  a  reasonable  range  of  indices  of 
refraction  for  the  sphere  and  shell.  With  a  limited  number  of  measured  scattered  intensities,  it 
would  seem  possible  to  represent  most  data  as  possibly  coming  from  either  kind  of  scatterer. 
Moreover,  our  problem  is  a  mixed  detection  and  estimation  problem.  One  can  not  make  the 
appropriate  binary  decision  without  also  estimating  the  best  possible  choices  of  indices  and 
radii.  Thus  some  old  techniques  of  decision  theory  due  to  Bayes,  and  Neyman  and 
Pearson  ,  must  be  combined  with  estimation  theory  to  make  a  combined  analysis.  In  the 
language  of  communication  theory,  an  estimation  problem  must  be  combined  with  a  detection 
problem.5,6 

Instead  of  ir  iking  a  frontal  attack  on  the  problem,  containing  two  parameters  for  the 
sphere  (radius  and  index)  and  four  parameters  for  the  shell  (two  radii  and  two  indices),  we 
started  by  considering  restricted  cases: 

1.  A  single  free  parameter  for  the  sphere  and  one  for  the  shell. 

2.  Two  parameters  for  the  sphere  and  two  for  the  shell. 
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3.  Two  free  parameters  for  the  sphere  and  three  for  the  shell. 

4.  Two  parameters  for  the  sphere  and  four  for  the  shell. 

Since  our  results  are  not  readily  available,  five  viewgraphs  are  enclosed.  The  first 
viewgraph  summarizes  the  parameters  for  the  runs  in  the  later  viewgraphs.  These  viewgraphs 
were  made  by  a  Monte  Carlo  calculation  in  which  a  range  of  index  and  radius  parameters  are 
used  and  a  comparison  is  made  between  theoretical  Mie  scattering  for  a  sphere  (or  a  shell)  is 
made  with  pseudo  experimental  results  for  a  thousand  cases  of  each  kind.  The  latter  are  made 
by  selecting  parameters  at  random  and  also  adding  5%  or  10%  noise.  The  parameter  V)  is 
obtained  for  each  experimental  particle  by  making  a  least  squares  fit  with  spherical  scatterers 
over  the  given  range  of  index  and  radius.  The  parameter  V2  is  obtained  by  a  least  square  fit 
over  the  domain  os  shell  parameters. 

When  logVj  /v2  is  negative,  the  fit  with  a  sphere  is  better  than  that  with  a  shell.  The 
two  figures  of  each  plot  were  made  using  spherical  and  shell  scattering  respectively. 
Viewgraph  2  shows  a  small  overlap  between  the  two  figures  indicating  that  it  would  be  easy 
to  distinguish  between  these  cases.  But  Viewgraph  2  was  made  with  a  narrow  range  of 
permitted  parameters.  Viewgraph  3,  made  with  a  wider  range  shows  overlap,  and  difficulty  in 
deciding  between  the  cases.  This  demonstrates  that  the  use  of  only  5  measurements  of 
intensity  are  inadequate  for  this  case. 

We  next  did  a  two  parameter-two  parameter  calculation  but  omit  the  results  here.  We 
were  encouraged  by  these  results  to  try  a  two  parameter  sphere  and  a  three  parameter  shell. 
(This  was  accomplished  by  restricting  the  outer  shell  radius  to  equal  that  of  the  sphere.) 
These  results  also  show  an  excellent  separation.  See  Viewgraph  4.  But  this  was  accomplished 
by  using  12  measurements  (two  polarizations  and  six  angles). 

The  difficulty  associated  with  these  calculations  are  shown  in  Viewgraph  5  which 
displays  the  function  Vj  which  was  minimized  to  get  the  best  fit  for  the  sphere.  The 
numerous  minima  are  associated  with  the  large  size  parameters  permitted  for  the  sphere  in 
this  case,  as  described  in  Viewgraph  1. 


RANGES  OF  PARAMETERS 


Wavelength  =  .4416  \i 

One  Parameter,  5%  Noise,  5  Measurements 

Sphere  with  radius  f?=2.5|x  and  1.33<m<1.55 
Shell  with  radius  R0 ut  =2.5  ji  and  1 .76  ji  <  Rm  <  2.2  p. 
and  fixed  mjn  =  1 .33,  mout  =  1 .55 

One  Parameter  (Wider  range),  5%  Noise,  5  Measurements 

Sphere  with  radius  0.1^<R<10p 

Shell  with  radius  0.1  p  <  f?out  <  1 0  p  and  R\n=0.9Rout 

(size  parameter  x=2nR0U\/k,  1. 42  <x  <142.28) 

Two  Parameter  Sphere  and  Three  Parameter  Shell 
10%  Noise,  12  Measurements 

Sphere  with  parameters  4<R  A<8  and  1 .33<m<1 .8 
Shell  with  parameter  4<Rjn  A<6,  R0 ut  A=8, 

1 .33<mjn^1 .55  and  1 .6<mout<1 .8 
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ONE  PARAMETER  FIT 


R= logio(^i  /v2) 


1 000  tries. 

Data  at  0=  45,50,55,60,65. 
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100  tries.  Data  at  0  =  45,  50,  55,  60,  65. 
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TWO-THREE  PARAMETER  FIT 


J1 - 1 - 1 — “-*1 - 1 - 1  i  l  i  i  i  i  r 

-6  -5  —4  -3  -2  -1  0  1  2  3  4  5  6 


fog, 0(^2) 

1000  tries. 

H  and  V  polarized  detection  at  6=90, 105, 120, 135, 150, 165. 
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Field  Distribution  in  a  Distributed  Feed  Back  Laser 

Semiconductor  lasers  provide  a  useful  low  power  source  into  a  fiber  optics 
communications  channel.  High  mode  selectivity  is  needed  to  obtain  propagation  of  a  single 
mode  down  a  fiber.  A  DFB  structure  was  proposed  as  a  good  candidate  for  a  single  mode 
semiconductor  laser. 

The  rate  at  which  the  information  can  be  transmitted  is  limited  by  noise.  The 
principal  noise  comes  from  the  popping  up  a  non-lasing  mode.  Even  though  that  the  total 
power  is  not  effected  by  this  kind  of  noise,  the  new  mode  is  at  a  different  frequency  and 
propagates  with  a  different  velocity,  therefore  causing  the  bit  of  information  to  arrive  at  an 
incorrect  time. 

Based  on  the  solution  of  the  mode  equations  with  a  uniform  gain  distribution  the 
estimates  were  made  of  the  gain  differential  between  two  modes  to  keep  the  bit  error  rate 
produced  by  partition  fluctuations  below  a  prescribed  amount.  Because  nonuniform  hole 
burning  occurs,  leading  to  a  nonuniform  gain,  it  is  imperative  to  deal  with  the  spatial 
distribution  of  carriers  and  field,  and  not  just  the  total  number  of  photons  and  carriers. 

We  have  solved  the  stationary  nonuniform  mode  equations  and  obtained  the  main 
mode  profile  for  a  DFB  lasers.  We  have  also  obtained  the  gain  differential  between  the  main 
and  the  side  modes  of  the  DFB  laser. 

SUMMARY  OF  ACCOMPLISHMENTS 

Inelastic  Electron  Tunneling  in  Devices  With  Spatial  Structure 

Tunneling  through  double  barriers  or  heterostructures  is  important  in  electronics.  We 
have  recently  proposed  a  solvable  model  based  on  space  independent  interactions,  *  and  a 
Green’s  function  method  that  permits  space  dependence.9  Arbitrary  barrier  structures  are 
permitted.  Interaction  with  optical  phonons  and  infra-red  photons  has  been  shown  to  lead  to  a 
strong  enhancement  of  tunneling.7,9 

Applying  our  approach,  we  have  calculated  the  high-frequency  current  through  a 
double-barrier  tunneling  structure.  In  contrast  to  previous  results,  we  point  out  that  the  high- 
frequency  current  has  a  wave  behavior  and  this  behavior  will  affect  experimental 
measurements  of  the  high-frequency  current  in  tunneling  devices.  This  result  published  by 
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us10  has  been  noted  and  referred  to  by  several  groups,  including  the  IBM  research  center  and 
others. 


Recently,  we  have  developed  an  approach  in  study  of  the  time  response  of  the 
transmitted  current  through  a  double-barrier  tunneling  structure  to  an  applied  pulse.  Due  to 
the  difficulty  of  the  problem,  previous  calculations,  using  the  Wigner  function  method,  were 
performed  on  supercomputers.  We  use  a  Green’s  function  approach  developed  by  us,  that  is 
more  efficient.  We  have  obtained  quantitatively  correct  results  using  only  a  workstation. 
This  paper  is  in  preparation. 

Non-perturbative  approach  to  electron  tunneling  with  dissipation 

Recently,  we  developed  an  approach  to  study  the  influence  of  the  environment  on 
electron  tunneling.  We  have  proven  that  our  approach  has  the  same  influence  functional  as  the 
one  given  by  Feynman  and  Vernon.11  The  tunneling  rate  of  an  electron  coupled  with  phonons 
is  derived  nonperturbatively  using  the  WKB  method.  The  tunneling  asymptotic  behavior  at 
low  and  high  temperature  limits  are  obtained.12 

Transport  in  Quasi-2  Dimensional  Systems 

We  have  developed  a  new  approach  to  handle  high-frequency  conductivity  in  the 
presence  of  a  strong  electric  field.13  This  approach  includes  the  memory  effect  and  is  able  to 
compute  high-harmonic  components  of  current  and  electron  temperature. 

We  have  shown  that  the  life  time  of  photo-excited  electrons  in  a  T-X  system  could  be 
much  longer  than  that  in  the  pure  T  system.14 
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